Research collaboration is an essential component of research. Researchers, as well as the policy makers, are showing increasing interest in research collaboration. Forensic Science being multidisciplinary subject collaboration is essential. This study is an attempt to quantify and visualize the research collaboration in Indian Forensic Science and also to assess the impact of research collaboration. A total of 2096 bibliographic records pertaining to Indian Forensic Science literatures published during the period 1975-2012 are retrieved from the Scopus database. These data are analyzed and visualized using MS-Excel spreadsheets, VOSviewer, and Pajek software. It is found that the International Multilateral Collaborations are associated with greater citation impact. The study also reveals that the International Cooperation Index of India in Forensic Science research is 7.68. India has the highest Affinity Index value of 34.16 in Forensic Science with the USA. A new measure of international collaboration known as Authorship AFI is also proposed based on the number of collaborating authors.
INTRODUCTION
Research collaboration could be defined as the working together of researchers to achieve the common goal of producing new scientific knowledge. [1] Collaboration is an essential component of research. Over recent years, there has been increasing interest among researchers and among science policy makers in the notion of research collaboration. It is widely assumed that collaboration in research is a good thing and that it should be encouraged. [2] In an interview, Rev. Dr. Ignacimuthu states that "…-(collaboration) is what makes you move towards defines "Forensic science is the application of science to those criminal and civil laws that are enforced by police agencies in a criminal justice system." [5] The Oxford English Dictionary lists one of the first uses of the phrase forensic science to describe a mixed science. Forensic science describes the science associating people, places, and things involved in criminal activities; these scientific disciplines assist in investigating and adjudicating criminal and civil cases. [6] Since forensic sciences refer to science applied to criminal and civil law any science can be a forensic science if it has some application to justice. [7] A plethora of sciences have application to law and, therefore, we have an endless list of areas in forensic sciences starting from forensic accounting and ending with forensic zoology. In between these two are a number of specialties such as forensic art, forensic anthropology, forensic ballistics, forensic biology, forensic entomology, forensic pathology, forensic psychology, forensic odontology, forensic serology, forensic toxicology, forensic chemistry, and so on.
LITERATURE REVIEW
Beaver and Rosen studied the relationship between collaboration and productivity and concluded that collaboration enhances productivity. [2, 8, 9] Katz and Martin state that on average, a paper written by multiple authors is likely to be more frequently cited and thus, has a higher impact. [1] Narin et al., Gomez et al., Glänzel, and Schubert reported that internationally coauthored papers on average tend to have higher citation rates. [10] [11] [12] [13] Moed analyzed the relationship between international collaboration and citation impact focusing on bilateral international collaboration. His findings reveal whether or not international collaboration leads to higher citation rates depends on who is collaborating with whom. [14] Glynn et al. analyzing the literature of breast cancer had concluded that high levels of international collaborations are associated with greater citation impact. [15] 
OBJECTIVES
Research collaboration is a good thing and in inter-disciplinary subjects, it is a necessity. Numerous attempts have been made to bring together individual researchers. The collaboration among researchers may be at the institution level or between different institutions or with industries. Similarly, collaboration may be at the national level or international level. Here an attempt is made to quantify and assess the impact of research collaboration in the field of Indian Forensic Science. The single author papers are considered as zero collaborative ones. When two or more authors of same institution or different institutions collaborate, it is considered as national collaboration. International bilateral collaborative papers are the ones where one or more authors of another country collaborate with one or more Indian authors. International multilateral collaborative papers are the ones with authors of two or more countries collaborating with one or more Indian author. Collaboration clusters and networks are also visualized with the aid of computer algorithms. 
MATERIALS AND METHODS
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Authorship Pattern and Collaborative Measures
The year-wise number of authors, total authors, and the various collaborative measures such as the collaborative index (CI), the degree of collaboration (DC), the collaborative coefficient (CC), and modified CC (MCC) of Indian Forensic Science literature are calculated and given in Table 1 .
It is found from the table that the number of single author papers during the period of study is 342. Two author papers number 511 and three author papers number 541. One paper has a maximum of 19 authors. The total authorships involved in the production of the total 2096 papers are 6475.
Many studies have been conducted to examine the authorship pattern and collaboration in a discipline, the average number of authors per paper, the proportion of single and multi-author papers, etc. Some of them are the CI, DC, CC, and MCC studies.
The expressions used in these measures are as follows:
f j is the number of papers having j authors in collection K N is the total number of papers in K and N = Σjf j A is the total number of authors in collection K.
In 1980, Lawani proposed the CI. CI is the mean number of authors per paper. [16] It can be calculated easily, but it cannot be interpreted as a degree because it has no upper-value limit. It is denoted by the formula In the present study, it is found that CI was lowest (1.81) in the year 1977. CI was at the highest of 3.46 in the year 2012. Mean CI during the period of study was 3.09.
Subramanyam propounded the DC, a measure to calculate the proportion of single and multi-author papers and to interpret it as a degree. According to Subramanyam,
D C = +
Nm Ns Nm
Where Nm is the number of multi-author papers, and Ns is the number of single author papers. [17] This can be expressed more simply as
No of multi author papers DC = Total no of papers because Ns + Nm give the total number of papers.
This can also be expressed as
DC varies from 0 when all the papers have a single author to 1 when all the papers have more than one author. It can be easily calculated and can also be easily interpreted.
It is found in this study that DC was lowest at 0.43 in 1985 and highest at 1.00 in 1994. In 1994, all papers were multi-authored ones, hence the highest value. Mean DC during the study period was 0.84.
Ajiferuke, Burell, and Tague gave a new measure known as CC, which removed the shortcomings related to CI and DC. [18] CC is represented as:
In this study, CC was lowest in 1986, when it was 0.2778. It was at the highest value of 0.6556 in 1994. The mean CC was 0.5558.
Savanur and Srikanth modified the CC and derived the MCC as follows: [19] 
The study found MCC was lowest in 1986, when it was 0.2952. It was at the highest value of 0.7284 in 1994. The mean MCC during the period of study was 0.5559.
It is also observed from the table that the mean difference between CC and MCC is 0.0001. Least difference between CC and MCC, i.e. 0.0006 is observed during the years 2011 and 2012. In these 2 years, the numbers of authors are 1011 and 1100, respectively. The highest difference CC and MCC, which is 0.0728, is observed in 1994. In 1994, the total number of authors was 10 which is the least of all the years under study. It can be concluded that no significant difference can be observed between CC values and MCC values, and also this variation narrows down when the number of authorships increases.
The expressions for CC and MCC given by the respective proponents are studied to find the reason behind this. It is observed from these expressions that MCC is the product of and CC. 
Impact of Research Collaboration
The various levels of collaboration, their volume, the percentage of volume, the number of publication cited (tpc), the number of citations, and the percentage of citation, citedness, citation per paper (CPP), and the relative citation index (RCI) are calculated and given in Table 2 .
It is observed from the 
Visualization of International Collaboration
To enhance the visualization of the collaborating countries and their level of collaboration, a cluster map of these RCI=Relative citation index, CPP=Citation per paper, tpc=The number of publication cited is created using VOSviewer. This cluster map is given in Figure 3 .
It is observed from the cluster map that there are 19 clusters, and these clusters are marked with different colors, and the weight of the labels is visualized by their size. The relational position, weight, and the cluster number obtained from VOSviewer are given in Table 3 .
International Cooperation Index
Frame and Carpenter suggested the International Cooperation Index (ICI), which is also known as Internationalization Index and is based on the number of international linkages. [20] From Table 3 , it is observed that the number of international links of India in Forensic Science is 161. The total number of papers contributed by India in Forensic Science is 2096. According to the formula given by Frame and Carpenter, × 161 ICI = 100 = 7.68 2096 Hence, the ICI of India in Forensic Science research is 7.68.
Affinity Index
Affinity Index (AFI) is the measure or research collaboration between countries in a given area of research. [21] The study by Arunachalam and Doss is one of the earliest works to examine the patterns of collaboration between certain Asian and nonAsian countries. Affinity Index is the indicator used to evaluate the relative rate of scientific exchanges between one country (A) and another (B) over a given period of time and in relation to all international cooperations between the same two countries over the same period of time. It is mathematically expressed as:
No of Co -operation links between A and B AFI = × 100 No of Co -operation links between A and rest of the World When the indicator is above 1.0, a country produces more publications in collaboration than expected based on the scientific output, while an index value below 1.0 means the reverse. The AFI of India with other countries in the field of Forensic Sciences for the study period is calculated and given in Table 3 .
It is found from the 
Authorship Affinity Index
AFI is calculated considering the links between the collaborating countries. We propose a similar measure called Authorship AFI (AAFI) based on the number of authorships involved in the international collaborative papers. AAFI is expressed mathematically as follows: The AAFI thus calculated is also enumerated in Table 3 . It is found that 15 countries have AAFI value >1 and 27 countries have AAFI value <1. USA has the highest AAFI value of 31.76. Malaysia comes next with the value of 9.93.
The difference between AFI and AAFI of all the collaborating countries are also calculated and given in Table 2 . An examination of these values reveals that though Nepal comes second in terms of AFI, it lags Malaysia and Canada in terms of AAFI. In addition, the difference between AFI and AAFI values of Malaysia and Portugal show negative value. The reason for these is AFI is concerned with number of cooperative links whereas AAFI is concerned with the number of cooperative authors. Thus, the strength of the collaborating authors determines the AAFI. 
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